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Background - overview
SCF in Portugal
University of Minho
University of Porto
University of Coimbra
Universidade Nova de Lisboa
Biomaterials
Biodegradables
Biomimetics
www.3bs.uminho.pt
3B´s is a member of the  PT Associated 
Laboratory - ICVS/3B’s
3600 m2 new state of the art full equipped facility specially 
designed for TERM research
European Institute of Excellence on Tissue Engineering and Regenerative Medicine -
Headquarters
Headquarters and the Home for 3B´s Research – Opened in July 2008, 
AvePark, Taipas - Guimarães, Minho, Portugal
* CEO – Rui L. Reis
LOCATION & RESEARCH FACILITIES
The research base of the 3B’s Group is now located in a new research facility in
the Technology Park (AvePark), the Headquarters European Institute of
Excellence for Tissue Engineering and Regenerative Medicine Research. This
state-of-the-art research facility was designed to enable basic and applied
research in tissue engineering and regenerative medicine.
 Chemistry Labs 
 Processing Labs
 Characterization Labs
 Cell Culture Lab
 Bioreactor Lab
 Microscopy Lab
 Histology Lab
 Molecular Biology Lab
 Animal Testing Facilities
The Institute's laboratory facilities occupy 3600 m2 and include:
Industrial applications
Cork Industry
Understand the effect of CO2 in cork stoppers
SCF impregnatio of dyes in cork
The Journal of Supercritical Fluids, 2015, 104, 251-258
Impregnation
Scaffold processing
Particle formation
Drying
Reaction
Versatility of supercritical fuid technology in biomaterial processing 
Impregnation Ophtalmic applications - Development of therapeutic contact lenses
SEM images of Nelfilcon A contact 
lenses impregnated with flurbiprofen
Impregnation of commercial contact lenses 
for anti-inflammatory drug delivery
Impregnation of intra-ocular  lenses for 
glaucoma treatment
PMMA lens presents an extended 
and controlled drug release up to 
three months
Journal of Supercritical Fluids, 52, 306 – 316, 2010
Current Drug Delivery, 5 (2), 102-107, 2008
Scaffold processing
200 mm
PD,LLA
200 mm
PD,LLA loaded with NPs
Enhancement of osteogenic differentiation of human adipose derived stem cells 
by the controlled release of platelet lysates in a combined 3D construct
Journal of Controlled Release, 162, 19-27, 2012
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Enhancement of osteogenic differentiation of human adipose derived stem 
cells by the controlled release of platelet lysates in a combined 3D construct
Journal of Controlled Release, 162, 19-27, 2012
Particle formation
Technique
RESS
(Rapid Expansion from Supercritical 
Solutions)
SAS
(Supercritical Anti-Solvent)
PGSS
(Particles from Gas Saturated 
Solutions)
Role of SCF Solvent Anti-solvent Solute
Basic principle
The compound(s) are dissolved in the
SCF phase and the solution is
expanded into a low pressure vessel.
The compound(s) are dissolved in an
organic solution. The SCF acts as an
anti-solvent promoting the precipitation
of the solute.
The SCF is dissolved in the melted
solution and the solution is expanded
into a low pressure vessel.
High pressure vessel
Precipitation Chamber
Nozzle
 
 
organic solution
High pressure vessel  
Precipitation Chamber
Nozzle
SCF anti-solvent
SCF + organic solvent
 High pressure vessel
Precipitation Chamber
Nozzle
 
 
Particle formation
Micronization of active compounds
Encapsulation of active compounds
Preparation of drug delivery systems
Very fine particles can be obtained
Controllable particle size
Particle size and morphology are easily controlled
Applicability to a wide range of materials
Processing can be conducted at near ambient temperatures
Good for processing small amounts of high-added value products
Supercritical carbon dioxide drying
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Supercritical drying is a drying technique which does not compromise the integrity of the 
structure as there are no phase boundaries, i.e, phase transitions involved in the process.
Freeze drying
Vaccum or RT drying
SCF drying
Chitin processing with ionic liquids and SCF
SEM analysis
Vaccum drying
Freeze drying
SCF drying
(a)
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(e)
5mm
5mm
5mm
Acta Biomaterialia, 7, 1166-1172, 2011
Green Chemistry, 10.1039/C3GC41060A, 2013
Chitin was dissolved in an ionic 
liquid
Ionic liquids are organic salts 
that are liquids at room 
temperature.
Supercritical carbon dioxide drying
SCF drying indeed proves to prevent the colapse 
of the structures. 
Could it be the option to prepare hollow tubes?
Supercritical carbon dioxide drying
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Paraffin tube coated with 
ALG and CHIT using a 
homemade robot
ALG/CHIT Hollow 
Tube
Glass
Paraffin 
ALG
CHIT
1 mm
External Side
20 µm
A2
Inner Side
20 µm
Advanced Healthcare Materials, 2013, 
doi:10.1002/adhm.201300265
Nanostructured hollow tubes for cardiovascular applications Supercritical carbon dioxide drying
HydrUStent
1 2 3
5
4. Critical point 
drying
1. Immersion in polymer solution;
2. Gelification of this solution surrounding the template;
3. Solvent exchange for supercritical point drying;
4. Critical point drying;
5. Tubular structure after drying
5 5
Journal of Biomedical Materials Research: Part B -
Applied Biomaterials, 2014
Project history
“What if we could prepare 
degradable ureteral stents, 
that would avoid the need for 
a second surgery and 
improve patient confort?”*
Prof. Dr. Estêvão Lima
Director of Urology Section CUF Portugal
Director Urology Department of Hospital de 
Braga
2012 2013 2014
Finalist
BGI-MIT 
ICVS/ 3B´s Grant 
2014/2018
PhD Grant
SFRH/BD/97203/2013
PATENT APPLICATION
Nº 20121000079210 
2015
In vivo
Stent 2.0
Finalist
Venture Capital
MIT - Boston
2016
PCT PATENT APPLICATION
N.º: 15169249.8
Honorable mention
PATENT APPLICATION
Nº 109229
Best Presentation
Best Oral Presentation
Project history
Finalist
Innovate Competition 
www.hydrustent.com
(stent 2.0)In vivo study in a porcine model
Marine collagen scaffolds crosslinked with genipin
Collagen freeze-dried Collagen cross-linked 
with genipin RT, 7 days
Collagen cross-linked 
with genipin under 
high-pressure CO2
0.1 wt% genipin, 
90 % acetone solution
Much faster reaction rates
Reaction in supercritical conditions
Macromolecular Bioscience, 13(11), 1621-1631, 2013
If we can cross-link collagen, which is a protein, 
would we be able to go back to the platelet lysates 
and create a scaffold?
Reaction in supercritical conditions
1 cm
Platelet Lysates Based Scaffolds for Cartilage regeneration
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Development of 3D platelet lysates-based scaffolds by 
supercritical fluid processing for simulataneous 
structural support and bioactive agents supply for 
cartilage engineering
200 mm
Single step process:
-- Promote crosslinking of the structure;
-- Create 3D structure;
-- Avoid any further processing steps;
-- No denaturation of the proteins.
Reaction in supercritical conditions
PT Patent PI106220
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Autologous templates for Orthopaedic Regeneration
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Platelet lysates scaffolds with tunable gradients of mineral microparticles
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Reaction in supercritical conditions
PT Patent PI106220
Can we isolate marine 
collagen using supercritical 
fluid technology?
Extraction/Isolation bioactive compounds
Chondrosia reniformis Chondrila nuculla Thymosia sp
Collagen isolation from marine sponges
Experimental
Samples were grind into 
small pieces
Samples + water in a ratio 
1:2 (g/ml) were loaded in 
the high-pressure reactor @ 
37ºC  
The system was 
pressurized with carbon 
dioxide @ 50 bar
Extraction was carried out 
for different time periods
Extracts obtained were 
filtered with a 45 um filter, 
frozen and freze dried
Chondrosia reniformis Thymosia sp.
Chondrilla nuculla PF Chondrilla nuculla AL
TIC
CO2
P
BPR
FM
CO2
g extract/g sample (%) Collagen content (%)*
Chondrosia reniformis 11,6 36
Chondrila nuculla (Porto Fino) 17,3 82
Chondrila nuculla (Alassio) 9,0 54
Thymosia sp. 16,6 82
Determination of yield of extraction
WO2015151030A1 – Patent 
“Method to obtain collagen/gelatin from marine sponges”
ACS Sustainable Chemistry & Engineering, 2015, 3(2), 254-260
Ind Eng Chem Res, doi:10.1021/acs.iecr.6b00523, 2016
Bees Maple trees Sugar beet
What is the common thing between these?
Honey Maple syrup Sugar beet syrup
When solids become liquids: Natural deep eutectic solvents for chemical process 
engineering
ACS Sustainable Chemistry & Engineering, DOI: 10.1021/sc500096j, 2014
ERC Consolidator Grant
Des.solve
Therapeutic deep eutectic solvents
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SPCL ibu
SPCL + 10% NADES
Mentol:ibuprofen 3:1
European J Pharm and Biopharm, 98, 57–66, 2016
Concluding remarks:
- Supercritical fluid technology is very versatile;
- Supercritical based techniques have proven potential to process 
biomaterials for tissue engineering applications;
- Different materials can be processed;
- Materials with different properties can be obtained;
- A solution for each particular system must be discussed.
Acknowledgements:
ENiGMA (FCT)
SWIMS (FCT)
IF FCT Investigator 2013
IBEROMARE (POCTEP)
SPECIAL (FP7)
POLARIS (FP7)
RL1 - ABMR - NORTE-01-
0124-FEDER-000016
Instituto Português do Sangue
Hospital da Prelada
SAMPLES:
FUNDING:
